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GENTLEMEN, 

* 

Having  drawn  up  a  fhort  defence  of 
the  doftrine  of  fihlogifton ,  I  take  the  liberty 
of  infcribing  it  to  you,  as  the  principal  advocates 
for  the  Antiphlogiftic  theory.  My  view  in  this 
is  to  draw  your  attention  once  more  to  the  fub» 
je£t,  and  I  requefl  the  favour  of  an  anfwer  to  my 
objeftions,  I  hope  I  am  not  wanting  in  a  pro¬ 
per  deference  to  the  opinion  of  men  fo  juftly 
eminent  as  yourfelves  and  your  friends  in  France, 
and  alfo  that  of  great  numbers  in  England,  and 
wherever  chemiftry  is  known,  who  have  adopted 
your  hypothecs.  But  you  will  agree  wTith  me, 
that  no  man  ought  to  furrender  his  own  judgment 
to  any  mere  authority,  however  refpectable.  Other- 
wife,  your  own  fyftem  would  never  have  been 
advanced. 

As  you  would  not,  I  am  perfuaded,  have  your 
reign  to  refembie  that  of  Robefjiierre ,  few  as  wre 
are  who  remain  difaffe&ed,  we  hope  you  had 
rather  gain  us  bv  perfuafion,  than  filence  us  by 
power.  And  though  we  are  all  apt  to  flatter 
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ourfelves,  we  hope  we  are  willing  to  be  infill 
enced  by  the  former,  as  we  are  inflexible  to  the 
latter.  If  you  gain  as  much  by  your  anfwer  to 
me,  as  you  did  by  that  to  Mr.  Kirwan,  yojUr 
power  will  be  univerfally  eftablifhed,  and  there 
will  be  no  Vendee  in  your  dominions. 

Differing  as  we  do  in  this  refpe£t,  we  all  agree 
in  our  wifhes  for  the  prevalence  of  truth ,  and  alfo 
of / \eace ,  which  is  wanted  as  much  for  the  intereft 
of  philofophy,  as  thofe  of  humanity. 

I  fubfcribe  myfelf, 

.1*  '  <  •  j  •  . 

Y our  fellow-citizen. 


Northumberland,  m  America, 
June  »5,  1796, 


JOSEPH  PRIESTLEY, 
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EXPERIMENTS  AND  OBSERVATIONS 

RELATING  TO  THE 

ANALYSIS 

OF 

ATMOSPHERICAL  AIR. 


It  is  an  elfential  part  of  the  antiphlogiftic 
theory,  that  in  all  the  cafes  of  what  I  have 
called  the  fihlogiftication  of  air,  there  is  fimply  an 
abforption  of  the  dephlogifticated  air,  or,  as  the 
advocates  of  that  theory  term  it,  the  oxygen 
contained  in  it,  leaving  the  phlogillicated  part, 
which  they  call  azote ,  as  it  originally  exifted  in 
the  atmofphere.  Alfo,  according  to  the  princi¬ 
ples  of  this  fyftem,  azote  is  a  fimple  fubftance, 
at  lead;  not  hitherto  analyzed  into  any  other  j 
They  therefore  fuppofe  that  there  is  a  determi¬ 
nate  proportion  between  the  quantities  of  oxygen 
and  azote  in  every  portion  of  atmofpherical 
air,  and  that  ail  that  has  hitherto  been  done  has 
been  to  feparate  them  from  one  another.  This 
proportion  they  date  to  be  twenty-feven  parts  of 

A  Q  oxygen 


4  Experiments  relating  to  the 

oxygen  and  73  of  azote,  in  100  of  atmofpherical 
air. 

But  in  every  cafe  of  the  diminution  of  atmof¬ 
pherical  air  in  which  this  is  the  refult,  there  ap¬ 
pears  to  me  to  be  fomething  emitted  from  the 
fubftance,  which  the  antiphlogiftians  fuppofe  to 
aft  by  fimple  abforption,  and  therefore  that  it  is 
-more  probable  that  there  is  fome  fubftance,  and 
the  fame  that  has  been  called  phlogifton,  or  the 
principle  of  inflammability  (being  common  to  all 
bodies  capable  of  combuftion,  and  transferable 
from  any  one  of  them  to  any  other)  emitted, 
and  that  this  phlogifton  uniting  with  part  of  the 
dephlogifticated  air  forms  with  it  part  of  the 
phlogifticated  air  which  is  found  after  the  pro- 
cefs ;  and  in  fome  cafes  there  is  more  of  this, 
and  in  others  lefs.  Alfo,  in  fome  cafes,  fixed 
air  is  the  relult  of  the  union  of  the  fame  confti- 
tuent  principles. 

A  mixture  of  iron  filings  and  fulphur,  which, 
with  a  little  water,  has  been  commonly  made  ufe 
of  to  diminifh  and  phlogifticate  air,  and  probably 
many  other  fubftances  which  produce  the  fame 
e  fie  ft,  if  they  be  continued  in  the  air  after  the 

diminution  has  advanced  to  its  maximum ,  occaiion 

<*• 

an  increafe  of  the  quantity,  by  an  addition  of 
inflammable  air.  This  mixture  I  find  to  have  the 
fame  efieft  when  it  is  long  confined  in  nitrous 
air,  or  in  fixed  air ;  and  therefore  it  is  probable 

that 
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that  the  fame  would  be  the  cafe  if  it  were  coil- 
fined  in  any  other  kind  of  air,  or  in  vacuo.  It, 
therefore,  feems  natural  to  infer,  that  *  the  fame 
principle  which  confritutes  inflammable  air  was 
from  the  firfl;  exhaling  from  the  mixture,  but  that 
it  did  not  actually  form  inflammable  air  till  there 
was  no  more  dephlogiflicated  air  for  it  to  unite 
with,  and  thereby  form  phlogifticated  air.  The 
experiments  from  which  this  conclufion  is  drawn 
are  recited  in  my  former  publications,  and  I  have 
lately  repeated  them  with  particular  attention, 
and  the  fame  refult.  I  have  alfo  lately  obferved 
that  by  heating  bones  made  black  by  burning 
wdthout  accefs  of  air,  in  atmofpherical  air,-  there 
is,  after  the  period  of  greateft  diminution,  an 
increafe  of  the  quantity,  and  that  it  is  then  found 
to  contain  a  mixture  of  inflammable  air. 

That  fomething  is  really  emitted  from  the  iron 
filings  and  fulphur,  when  it  is  in  a  ftate  of  dimi- 
nifhing  air,  is  evident  from  the  ftrong  and  offen- 
iive  fme.ll  which  at  that  time  this  mixture  has. 
Flowers  alfo,  and  efpecially  thofe  which  have 
the  ftrongefl  fmell,  I  have  obferved  to  phlogifH- 
cate  air.  Moreover,  the  iron  filings  and  fulphur 
when  nearly  dry,  emit  a  vifible  denfe  vapour, 
which  appears  by  its  fmell  to  be  vitriolic  acid 
gir,  which  I  have  obferved  to  have  the  power 
pi  diminifhing  and  phlogiflicating  air ;  owing, 
no  doubt,  in  part,  to  its  imbibing  the  dephlogif- 

A  3  ticated 
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ticated  part  of  it,  and  with  it  forming  common 
vitriolic  acid ;  but  at  the  fame  time  part  of  its 
phlogifton  may  unite  with  another  part  of  the 
dephlogifticated  air,  and  with  it  form  phlogifti- 
cated  air. 

Iron  filings  and  fulphur,  as  well  as  phofphorus, 
and  moil  of  the  other  fubftances  which  have 
been  generally  ufed  for  the  purpofe  of  phlogifti- 
eating  atmofpherical  air,  do  like  wife  imbibe  the 
dephlogifticated  air  contained  in  it,  and  thereby 
gain  an  addition  of  as  much  weight  as  the  air 
has  loft.  But  this  is  not  the  cafe  with  black  bones 
heated  in  air,  which  by  this  means  become 
white ;  and  as  nothing  in  them  is  volatile,  except 
that  which  conflitutes  their  blacknefs,  I  thought 
they  would  be  a  very  convenient  fubftance  with 
wrhich  to  make  thefe  experiments. 

Thefe  bones  gained  no  addition  of  weight  in 
the  procefs,  and  when  they  are  ufed,  the  dimi¬ 
nution  of  the  air  is  by  no  means  fo  great  as  in 
the  other  cafes,  though  the  air  that  is  left  is 
completely  phlogiflicated.  This  is  probably  in 
confequence  of  the  fixed  air  (formed  by  the 
union  of  the  dephlogifticated  air  with  the  phlo¬ 
gifton  emitted  from  the  bones)  not  being  readily 
imbibed  by  the  water,  or  any  other  fubftance 
with  which  it  is  then  in  contact ;  fo  that  a  better 
opportunity  is  given  to  the  phlogifton  emitted 
from  the  bones  to.  unite  with  that  air  in  a  dif¬ 
ferent  manner,  and  form  phlogiflicated  air,  which 
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is  therefore  after  the  procefs  found  in  a  greater 
proportion  than  in  the  other  cafes,  to  which  alone 
a  due  attention  has  hitherto  been  given.  When 
thefe  bones  are  heated  over  lime  water,  there  is 
a  copious  precipitation  of  the  lime.  Here  I 
would  obferve,  that  the  phlogifton  neceffary  to 
form  this  fixed  air  could  only  come  from  the 
bones  in  becoming  white,  as  they  had  been 
calcined  in  as  great  a  degree  of  heat  as  I  could 
produce,  fo  that  no  kind  of  air  could  have  been 
expelled  from  them  while  excluded  from  accefs 
of  air. 

Having  by  means  of  a  burning  lens  heated 
140.5  grains  of  well  burned  black  bones  in 
23.75  ounce  meafures  of  air,  it  was  reduced  to 
20  ounce  meafures,  completely  phlogifficated, 
without  any  mixture  of  fixed  or  inflammable  air 
in  it.  According  to  this  experiment,  the  quan¬ 
tity  of  pure  air  in  100  ounce  meafures  of  at- 
mofpherical  air  was  only  15.78  parts  inllead  of 
27. 

Heating  267  grains  of  thefe  bones  in  30  ounce 
meafures  of  air,  it  was  reduced  to  25.5  ounce 
meafures  completely  phlogifticated,  which  was 
in  the  proportion  of  15  parts  of  dephlogifticated 
air  in  100  of  atmofpherical.  In  thefe  experi¬ 
ments  with  bones  there  is  fometimes  a  fmall 
lofs  of  weight,  owing,  I  doubt  not,  to  fomething 
belides  phlogifton  being  expelled  from  them  by 
the  intenfe  heat  of  the  lens  ;  and  during  the 

A  4  procefs 
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procefs  I  could  perceive  a  flight  vapour  riling 
from  them.  When  I  managed  the  heat  fo  that 
it  was  not  more  than  neceflary  to  whiten  the 
bones,  they  neither  gained  nor  loft  any  weight ; 
at  lead  the  lofs~was  very  inconfiderable. 

I  had  fimilar  refults  from  experiments  made 
with  fmall  polifhed  Jleel  needles .  For  when  they 
were  heated  fo  as  only  to  become  blue,  and 
were  not  melted,  they  gained  very  little,  if  any, 
weight,  and  diminifhed  the  air  only  in  about  the 
fame  proportion  with  the  black  bones. 

Having  by  means  of  a  burning  lens  heated 
200  grains  of  the  polifhed  needles  in  24  ounce 
meafures  of  air  (in  confequence  of  which  they 
became  of  a  dark  colour)  they  neither  gained 
nor  loft  any  weight,  and  the  air  was  reduced  to 
19.5  ounce  meafures,  almoft  completely  phlo- 
gifticated.  I  heated  the  fame  quantity  of  thefe 
needles  in  16.75  ounce  meafures  of  air,  when  it 
was  reduced  to  13.5  ounce  meafures,  completely 
phlogifticated  without  any  mixture  of  fixed  or 
inflammable  air  in  it ;  fo  that  the  diminution 
was  in  the  proportion  of  19.4  parts  in  one 
hundred.  In  another  experiment  24.75  ounce 
meafures  of  air  were  reduced  to  20.25  ounce 
meafures  nearly  phlogifticated.  It  is  evident, 
therefore,  from  thefe  experiments,  that  more 
phlogifticated  air  is  found  after  this  procefs,  than 
after  that  with  the  iron  filings  and  fulphur. 

Becaufe  bv  heating  the  needles  over  a  quantity 

of 
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•  of  water  they  might  attract  moifture,  which 
cannot  be  expelled  from  them  without  fome 
difficulty,  I  heated  200  grains  of  the  fame  needles 
in  the  open  air,  till  they  had  a  (fumed  exaddy 
the  fame  appearance  with  thofe  that  had  dimi- 
niffied  the  air  .in  the  preceding  experiments, 
and  found  that  they  had  neither  gained  nor  loft 
any  fenfible  weight.  The  lame  was  the  refult 
of  whitening  a  quantity  of  black  bones  in  the 
open  air.  But  to  make  this  experiment  with 
accuracy,  the  bones  fhouid  be  calcined  with 
the  greateft  degree  of  heat,  and  made  white 
‘with  the  leaft. 

In  one  experiment  with  very  thin  pieces  of 
malleable  iron  (viz.  iron  turnings)  38.5  ounce 
meafures  of  air  were  reduced  to  S1.5  meafures, 
wholly  phlogifticated,  which  is  in  the  proportion 
of  the  lofs  of  19.5  parts  in  100.  I  could  hot 
perceive  that  the  iron  had  gained  or  loft  any 
weight;  whereas,  if  it  had  imbibed  the  air  that 
had  difappeared,  or  the  water,  of  which,  as  I 
have  fhewn,  the  air  principally  confifts  (as  it 
would  have  done  if  it  had  been  melted  in  the 
procefs)  it  ought  to  have  gained  4.2  grains. 

There  was  not,  however,  the  fame  certainty 
in  the  experiments  with  the  needles,  and  ftill 
lefs  with  the  iron,  as  in  thofe  with  the  bones. 
They. generally  gained  a  little  weight,  and  di~ 
minilhed  the  air  more  than  the  bones.  The 
reafon  of  this  uncertainty  might  be,  that  they 

were. 


10 


Experiments  relating  to  the 

were  fometimes  heated  too  much  ;  and  fome- 
times  fine  ficales  were  thrown  from  them,  which 
wrere  indeed  fometimes  vifible  when,  in  floating 
about  within  the  veflel,  they  eroded  the  fun 
beams,  and  both  in  the  experiments  with  the 
needles  and  thofe  with  the  bones  a  vapour  vifibly 
rofe  from  them.  When  the  needles  were  heated 
over  lime  water,  a  thick  cruft  was  formed  upon 
it ;  but  there  was  not  fuch  a  precipitation  of  the 
lime  as  in  the  experiments  with  the  bones. 

That  the  phlogiftication  of  nitrous  acid  is 
owing,  in  fome  cafes,  to  its  imbibing  fomething, 
and  not  always  to  its  parting  with  any  thing, 
which  the  antiphlogiftians  maintain,  is  evident 
from  its  becoming  phlogifticated  by  imbibing 
nitrous  air.  This  I  have  obferved  that  it  does 
with  the  greateft  rapidity,  leaving  in  fome  cafes 
not  more  than  one  18th  part  of  the  original 
quantity.  M.  Fourcroy  fuppofes  ( Philofophie 
Chymiqae ,  p.  76)  that  the  converfion  of  the  con> 
mon  nitrous  acid  into  the  phlogifticated  is  always 
occafioned  by  its  parting  with  oxyg.en,  That 
this  is  fometimes  the  cafe  I  have  demonftrated  in 
my  experiments  with  heating  it  in  long  glafs 
tubes ;  but  in  the  prefent  cafe  it  is  not  poflible 
that  the  acid  fhould  haye  parted  with  any 
thing,  and  leaft  of  all  with  oxygen ,  fince  the 
fmall  refiduum  of  nitrous  air  is  pure  azote .  I 
ihall  here  obferve,  what  I  did  not  before,  that 

the 
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the  abforption  of  nitrous  air  by  nitrous  acid  is 
attended  with  a  considerable  degree  of  heat. 

That  phlogiflicated  air,  or  azote,  is  not  a 
fimple  fubftance,  but  confifts  of  phlogifton  (or 
whatever  is  the  proper  element  of  inflammable 
air)  and  of  dephlogifticated  air,  is  probable 
from  feveral  experiments  that  feem  to  have  been 
overlooked  by  the  antiphlogiftians,  fuch  as  the 
following.  A  mixture  of  dephlogifticated  and 
inflammable  air  being  kept  a  long  time,  was 
found  bv  M.  Metherie  to  contain  a  confiderable 
portion  of  phlogiflicated  air,  as  appeared  by  the 
difference  of  the  refiduums  after  exploding  a  part 
of  the  mixture  when  firfl  made,  and  another 
part  fome  time  afterwards.  I  had  alfo  found 
that  a  mixture  of  dephlogifticated  and  inflam¬ 
mable  air  fuffers  a  confiderable  diminution  in  a 
courfe  of  time,  though  they  will  not  wholly  in¬ 
corporate.  But  I  have  lately  found  that  thefe 
two  kinds  of  air  unite  completely  by  being  con¬ 
fined  fome  time  together  in  a  moift  bladder. 

Having  mixed  equal  quantities  of  thofe  kinds 
of  air,  I  put  them  into  a  bladder,  which  I  left 
floating  in  a  trough  of  water,  and  found,  after 
about  a  fortnight,  that  the  quantity  was  conflder- 
ably  diminifhed ;  and  examining  it,  I  found  it 
to  be  almoft  wholly  phlogiflicated,  though  there 
was  fomething  flightly  inflammable  in  it.  On 
this  I  put  equal  meafures  (but  omitted  to  note 
the  quantity)  of  each  of  the  kinds  of  air  into 

another 
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another  bladder,  and  after  about  three  weeks, 
iound.  it  reduced  to  12.5  ounce  meafures,  all 
pure  phlogifticated  air,  without  any  mixture  of 
fixed  or  inflammable  air  that  I  could  perceive. 

1  have  likewife  hit  upon  another  method  of 
forming  phlogifticated  air  by  the  union  of  de- 
phlogifticated  and  inflammable  air,  viz.  by  ex- 
pofing  the  latter  to  a  furface  of  rufled  iron, 
which  is  known  to  become  fo  by  imbibing  pure 
air.  Twenty  ounce  meafures  of  inflammable  air 
were  confined  in  a  phial  containing  pieces  of 
rufled  iron  from  the  18th  of  Auguft  to  the  6th 
of  Oftober,  when  it  was  reduced  to  9  ounce  mea- 
fures,  and  was  but  ilightly  inflammable.  The  iron, 
from  being  red,  was  then  become  of  a  very 
dark  colour.  Another  quantity  of  inflammable 
air  treated  in  the  fame  manner  from,  I  believe, 
the  6th  of  October,  was  in  the  2d  of  December 

3  t  - 

found  to  be  completely  phlogifticated.  In  thefe 
experiments  the  iron  and  the  air  were  confined 
by  water.  Afterwards,  putting  7  ounce  mea¬ 
fures  of  inflammable  air  to  pieces  of  rufled  iron 
confined  by  mercury,  it  was,  in  about  a  week, 
almofl  wholly  abforbed.  I  then  filled  up  the 
veflel  again  with  inflammable  air,  and  when  the 
diminution  proceeded  no  farther,  I  examined  it, 
and  found  5  ounce  meafures  of  air  completely 
phlogifticated. 

Charcoal,  as  well  as  phlogifticated  air,  I  have 
no  doubt,  contains  the  element  of  dephlogiftb 

cated 
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cated  air,  as  well  as  phlogifton,  fince  by  its 
union  with  fleam  it  takes  the  form  of  fixed  air, 
as  well  as  that  of  inflammable  air,  and  one  ele- 
ment  in  the  compofition  of  fixed  air  is  dephlo- 
gifticated  air.  And  when  I  made  hot  charcoal 
imbibe  inflammable  air  by  introducing  pieces  of 
it  into  jars  of  this  air  confined  by  mercury,  and 
afterwards  expelled  it  by  plunging  the  charcoal 
in  water,  that  which  came  out  of  it  was  phlo- 
gifticated  air.  Yet  I  think  I  recollect  that  the 
refult  of  this  experiment  has  fometimes  been 
inflammable  air,  the  fame  that  the  charcoal  had 
imbibed. 

I  know  of  no  cafe  of  the  Ample  abforption  of 
air,  but  which,  like  that  by  water,  refpedts  all 
kinds  of  air,  though  with  a  preference  of  that 
which  is  dephlogifticated ;  but  not  fo  as  to  take 
this  kind  only ,  and  leave  all  the  phlogifticated  air 
that  was  mixed  with  it.  Otherwife  it  would 
have  been  in  our  power  to  afeertain  with  exacl- 
nefs  the  real  proportion  of  both  the  kinds  of  air 
in  the  atmofphere.  For  want  of  this  the  neareit, 
approximation  that  we  can  make  appears  to  me 
to  be  by  the  ufe  of  nitrous  air. 

-  Since  when  two  meafures  of  pure  nitrous  air 
are  mixed  with  one  meafure  of  pure  dephlo¬ 
gifticated  air,  they  both,  as  nearly  as  poiiible,  dis¬ 
appear,  and  form  nitrous  acid,  which  is  imbibed 
py  the  water  in  which  the  mixture  is  made,  it  is 
evident  that  little  or  po  phlogifticated  air  is  t 
4  neceffarilv 
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neceffarily  formed  in  this  procefs ;  and  when  it 
is  conduced  properly,  there  will  appear  to  be  a 
much  greater  proportion  of  dephlogifticated  air 
in  the  atmofphere  than  has  been  fuppofed,  and 
enough  to  be  converted  into  phlogifticated  air 
in  the  procefs  above  mentioned.  But  a  con- 
fiderable  time  is  neceftary  for  this  purpofe ;  be- 
caufe  the  diminution  continues  much  longer 
than  has  been  hitherto  imagined. 

The  difference  between  the  degree  of  dimi¬ 
nution  of  atmofpherical  air  by  a  mixture  of 
nitrous  air,  with,  or  without,  agitation ,  is  very 
considerable.  In  general,  without  agitation, 
equal  meafures  of  each  will  occupy  the  fpace  of 
1.25  meafures,  but  with  agitation  only  1.01  ; 
and  if  the  computation  be  made  from  this  laft 
datum ,  it  will  give  the  proportion  of  dephlogifti¬ 
cated  air  to  be  27  parts  in  100,  and  confe- 
quently  that  of  the  phlogifticated  air  73.  But 
by  keeping  the  mixture  a  longer  time,  the  dimi¬ 
nution  will  proceed  to  about  0.6  of  a  meafurc, 
which  will  give  46.6  for  the  proportion  of  de¬ 
phlogifticated  air,  and  53.4  for  that  of  the 
phlogifticated  air  in  the  atmofphere. 

This  diminution  in  the  mixture  of  nitrous  and 
atmofpherical  air,  which  is  effected  in  the  courfe 
of  time,  is  various,  depending,  no  doubt,  on, 
feveral  circumftances  which  I  have  not  yet  been 
able  to  afcertain.  What  I  have  a&ually  obferved 
is  as.  follows : 
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On  the  21ft  of  July  I  mixed  equal  quantities 
of  nitrous  and  atmofpherical  air  ;  when,  with 
agitation,  they  occupied  the  fpace  of  1.01. 
Examining  the  mixture  at  different  times,  I 
obferved  that  the  diminution  kept  advancing  till 
fome  time  before  24th  of  Auguft,  when  it  oc¬ 
cupied  the  fpace  of  only  0.545.  Another  mix¬ 
ture  made  in  the  fame  manner  was  0.54,  and 
another  0.65.  At  the  fame  time  I  found  other 
mixtures  made  without  agitation,  which  at  firfl 
occupied  the  fpace  of  1.25,  were  in  one  cafe 
0.75,  another  0.72,  and  another  0.65. 

The  reafon  why  I  apprehend  the  diminution 
goes  on  fo  long  is,  that  time  is  requifite  for  the 
a&ion  of  the  phlogiflon  in  the  nitrous  air  upon 
the  dephlogifticated  part  of  the  atmofpherical 
air,  in  order  to  the  converfion  of  the  whole  of 
it  into  nitrous  acid,  in  confequence  of  this  part 
being  intimately  diffufed  through  the  phlogifti- 
cated  part,  by  which  it  is,  as  it  were,  prote&ed 
from  its  a&ion,  which  is  fimilar  to  many  other 
chemical  proceffes.  It  is  for  the  fame  reafon 
that  the  diminution  is  much  greater  with  agi¬ 
tation  than  without  it,  as  the  parts  difpofed  to 
unite  are  thereby  brought  into  better  contact. 

When  atmofpherical  air  is  exploded  together 
with  inflammable  air,  the  diminution  never  pro¬ 
ceeds  fo  far  as  when  nitrous  air  is  mixed  with 
it  ;  becaufe  in  this  cafe  phlogiflicaled  air,  as 

well 
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well  as  nitrous  acid,  is  formed  by  their  union ; 
and,  as  I  have  fliewn,  the  greater  is  the  pro¬ 
portion  of  the  inflammable  air  employed,  the 
greater  will  be  the  proportion  of  phlogifticated 
air  in  the  reflduum.  This  mixture,,  however, 
will  go  on  diminifhing  for  fome  time,  though 
not  fo  far  as  that  with  the  nitrous  air  >  becaufe 
part  of  this  produce  being  nitrous  acid,  as  I 
have  fliewn  in  a  former  courfe  of  experiments, 
it  will  require  time  to  be  formed,  as  well  as 
when  the  nitrous  air  is  employed. 

Having  made  a  mixture  of  equal  parts  of 
inflammable  and  atmofpherical  air,  and  exploded 
them  on  the  3d  of  Augufl,  I  obferved  that  it 
then  occupied  the  fpace  of  1.35  meafures,  and 
on  the  2d  of  September,  when  I  perceived  that 
the  diminution  would  proceed  no  farther,  it  was 
lvl4  which,  though  coniiderable,  was  far  fhort 
of  the  diminution  produced  by  an  equal  bulk 
of  nitrous  air. 

Though,  in  the  experiments  recited  above  with 
the  calcined  bones ,  and  the  ft  eel,  neither  of  thefe 
fubftances  appeared  to  have  lofl:  any  weight  that  I 
was  able  to  afcertain,  it  does  not  follow  that  no¬ 
thing  was  emitted  from  them.  For  light  and  heat 
are  almoft  univerfally  allowed  to  be  fubftances , 
though  no  perfon  has  been  able  to  weigh  them. 
Befldes  the  quantity  of  the  materials  that  I  made- 
ufe  of  might  be  too  fmaJl  for  the  purpofe.  What 


17 


Analyfis  of  Atmofjiherical  Air . 


Is  moll  important  in  the  experiments  is  that,  fince 
the  diminution  of  the  air  was  effected  by  heating 
thofe  fubftances,  and  they  did  not  gain  any  weight 
in  the  procefs,  the  phlogiftication  of  air  is  not 
the  abforption  of  any  part  of  it  by  the  the  fub- 
ftance  which  produces  that  effe6t,  as  the  antiphlo- 
giftic  theory  fuppofes. 
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FARTHER  EXPERIMENTS 

RELATING  TO  THE 

GENERATION  OF  AIR  FROM  WATER. 


I N  a  late  publication,  containing  an  account 
of  fome  experiments  relating  to  the  generation  of 
air  from  water*,  I  mentioned  three  different  pro- 
celfes  in  which  air  was  produced  from  the  fame 
water,  without  any  perceivable  limit. 

The  firft  procefs  was  converting  the  whole  of  a 
quantity  of  water  into  fleam,  in  the  common  me¬ 
thod  of  boiling ;  when  I  found  that,  though  the 
water  had  been  boiled  ever  fo  long,  or  ever  fo 
often,  air  continued  to  be  produced  from  it. 

In  order  to  obviate  the  objection  to  the  water 
having  imbibed  the  air  from  the  atmofphere,  in  a 
fecond  procefs  I  put  the  water  on  which  I  ope¬ 
rated  into  long  glafs  tubes,  over  a  column  of  mer¬ 
cury  ;  and  after  producing  air  by  keeping  the  up¬ 
per  part  of  the  tube  containing  the  water  a  long 
time  in  the  form  of  vapour,  I  let  out  the  air  fo 
procured  under  mercury,  by  which  means  the 
water  never  came  into  any  conta6t  with  the  air 
of  the  atmofphere,  and  yet  it  continued  to  yield 
air  whenever  the  procefs  was  repeated,  without 
any  perceivable  diminution,  or  limit. 

*  Read  before  the  Philosophical  Society  of  London,  and  pub¬ 
lished  separately  in  J793.  E, 
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In  the  third  procefs,  no  heat  was  ufed,  but  the 
water  was  put  into  a  glafs  veffel  confiding  of  a 
large  bulb,  connefted  with  a  tube  the  full  length 
of  a  barometer,  a  quantity  of  mercury  fufficient 
to  fill  the  tube  being  put  into  it  along  with  the 
water,  and  then  inverted,  and  placed  in  a  bafon 
of  mercury.  By  this  means  the  preffure  of  the 
atmofphere  was  removed  from  the  water,  and  thus 
the  air  naturally  contained  in  it  efcaped,  and 
lodged  on  the  furface  of  the  water ;  and  by  in¬ 
verting  the  veffel  again,  it  was  thrown  out  into 
the  open  air.  This  procefs  I  kept  repeating  with 
the  fame  water  more  than  a  year,  and  yet,  as  in 
the  former  proeeffes,  I  found  frefh  air  always  pro¬ 
duced  from  it,  and  feemingly  in  an  equable  man¬ 
ner. 

It  has  been  faid  that,  in  this  procefs,  the  water, 
deprived  of  all  air,  inflantly  feizes  upon  fome  the 
moment  that  the  newly  extricated  air  is  thrown 
out,  the  furface  of  the  water  in  the  tube  being 
then,  though  but  for  a  moment,  expofed  to  the 
atmofphere.  But  this  fuppofed  eager  attraction 
of  air  by  the  water  would  have  made  it  to  abforb 
the  newly  produced  air,  if  not  in  its  rarefied 
date  on  the  furface  of  the  water,  yet  when  it  was 
condenfed,  on  inverting  the  tube,  during  the 
time  that  it  was  paffing  the  whole  length  of  the 
tube,  as  readily  as  frefh  air  from  the  atmofphere. 
Befides,  it  requires  a  confiderable  time  before  the 
water  thus  deprived  of  all  air  will  abforb  that 
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which  has  been  produced,  or  extricated  from  it, 
when  the  velfel  is  inclined,  and  confequently  the 
p re  11  lire  of  the  atmofphere  removed. 

Alfo,  in  order  to  obviate  this  obje£tion,  I  kept 
the  extremity  of  the  tube  carefully  covered  with 
my  finger  all  the  time  that  it  was  inverted  till  the 
moment  that  the  air  mull  be  let  out,  and  mercury 
put  in,  fo  that  it  was  not  expofed  to  the  atmof¬ 
phere  fo  much  as  the  tenth  of  a  fecond ;  and  yet 
I  f6und  repeatedly,  that  the  air  was  produced 
as  readily  as  when  it  had  been  expofed  to  the 
atmofphere  (as  I  fometimes  purpofely  did  it) 
feveral  minutes, 

I  would  farther  obferve,  that  in  this  procefs, 
if  the  vefTel  containing  the  water  and  mercury 
be  inverted,  and  a  vacuum  appear,  as  it  in- 
ftantly  will,  in  the  form  of  a  bubble,  for  ever 
fo  fhort  a  time,  a  perceivable  bubble  of  per¬ 
manent  air  will  be  produced.  I  do  not  there¬ 
fore  fee  but  that,  by  means  probably  of  heat, 
air  is  producible  from  the  fame  water  without 
any  limit. 

In  order  to  make  any  quantity  of  water  as 
free  from  air  as  poffible,  agitation  is  neceffary. 
But  when  by  the  frequent  repetition  of  this 
procefs  the  greateft  eff e£l  has  been  produced, 
and  the  air,  or  vapour,  has  remained  long  upon 
the  water,  agitation  will  diminifli  it,  part  of  the 
newly  generated  air  being,  imperfeflly  formed, 
and  more  readily  imbibed  by  the  water  than, 

that 
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that  which  had  been  a  longer  time  in  the  hate 
of  air.  This  diminution  of  the  bulk  of  a  bub¬ 
ble  of  air  by  agitation  appears  to  be  the  moft 
certain  teft  of  as  perfect  an  extrication  of  air 
from  water  as  can  be  attained.  But  even  af¬ 
ter  this,  whenever  the  bubble  of  air  is  let  out, 
and  the  veffel  is  inverted,  another  bubble  is 
inftantly  formed,  fometimes  indeed  fo  fmall  as 
not  to  be  vifible  to  the  naked  eye,  but  always 
by  means  of  a  magnifying  glafs,  and  this  very 
fmall  quantity  will  not  be  abforbed  by  the  wa¬ 
ter  till  the  veffel  has  been  laid  in  an  inclined 
pofition  fome  hours.  If  the  vefifel  be  placed 
perpendicularly,  the  bubble  will  come  to  be  of 
a  confiderable  fize.  Still  however  it  will  not 
increafe  beyond  a  certain  quantity,  though  it 
remain  in  that  pofition  ever  fo  long. 

I  have  tried  every  method  that  I  could  think 
of  to  deprive  water  of  its  power  of  producing 
air,  but  without  effeft.  Heat  I  found  of  no  ufe 
but  to  affift  in  expelling  the  air  originally  con¬ 
tained  in  it,  and  freezing  had  no  more  effeft 
than  heat. 

When  I  publifhed  the  pamphlet  above  men¬ 
tioned  I  had  not  procured  from  water  any  other 
kind  of  air  than  fuch  as  was,  in  a  greater  or 
lefs  degree,  purer  than  that  of  the  atmofphere, 
and  therefore  I  imagined  that  this  might  have 
been  the  origin  of  all  the  air  in  the  atmofphere. 

B  3  .  But 
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But  I  have  fince  found  that  though  the  fird 
quantity  of  air  that  is  expelled  from  water  is 
much  purer  than  that  of  the  atmofphere,  the 
next  is  lefs  pure,  and  at  lad  it  is  wholly  phlo- 
gidicated.  This  I  could  not  difcover  while  I 
made  ufe  of  finall  bulbs;  but  when  I  ufed 
large  ones,  containing  from  fifty  to  an  hundred 
ounces  of  water,  it  was  afcertained  with  the 
greated  certainty.  From  this  fa6t  it  may  be 
inferred,  either  that  the  air  produced  from  wa¬ 
ter  is  not  that  which  had  been  imbibed  from 
the  atmofphere,  or  that,  though  it  imbibes  mod 
readily  that  which  is  the  pured,  it  retains  with 
the  greatefi;  obftinacy  that  which  is  lead;  pure* 
which  is  analogous  to  other  chemical  affinities. 
If  the  air  thus  produced  be  really  generated 
from  the  water,  or  rather  vapour,  it  mud  be 
wholly  phlogidicated,  and  afterwards  purified 
by  the  procefs  of  vegetation ;  or  the  phlogidi¬ 
cated  part  alone  of  the  atmofphere  may  have 
had  that  origin,  and  the  dephlogidicated  part 
have  come  from  vegetation. 

I  once  thought  that  a  very  fmall  quantity  of 
any  of  the  acids  enabled  water  to  yield  more 
air  than  it  wmuld  do  without  them,  and  while 
I  ufed  only  fmall  bulbs,  I  continued  to  think 
fo ;  but  when  I  ufed  the  larger  vefifels  above 
mentioned,  I  could  not  perceive  any  fenfible 
difference  in  the  refults  in  confequence  of  this 
circumdance* 

The 
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The  quantity  of  air  extricated  from  diftilled 
water  before  the  production  becomes  equable 
is  about  one  fortieth  of  its  bulk. 

Wifhing  to  leave  nothing  undone  that  I  was 
capable  of  doing  with  refpe£f  to  this  courfe  of 
experiments*  I  have,  fmce  the  publication  of 
the  tra£t  above  mentioned,  endeavoured  to  con¬ 
vert  the  whole  of  a  fmall  quantity  of  water 
into  air,  but  it  has  been  without  effect.  Having 
provided  barometer  tubes  with  bulbs  conne£ted 
with  them,  from  one  inch  to  three  inches  in 
diameter,  I  firft  put  into  them  a  fmall  quantity 
of  water,  and  then  filling  them  with  mercury, 

left  them  fome  time  with  the  orifices  of  the 

* 

tubes  upwards,  in  order  to  give  the  water  an 
opportunity  to  rife  to  the  top.  I  then  inverted 
them,  when  after  fome  time  a  very  fmall  quan- 
titv  of  water  would  be  vifible  on  the  furface 
of  the  mercury  in  the  tube,  and  the  vapour 
arifing  from  it  in  vacuo  would,  of  courfe,  be 
dilfufed  through  the  whole  of  the  bulb  above 
it.  After  this,  inclining  the  veffel,  and  making 
it  lean  over  a  fire,  that  fmall  quantity  of  water 
was  wholly  converted  into  vapour,  fo  as  to 
caufe  the  mercury  to  defcend,  and  leave  both 
the  whole  of  the  bulb,  and  part  of  the  tube, 
filled  with  hot  vapour,  and  in  this  date  I  kept 
it  feveral  hours.  After  this  I  always  found  a 
quantity  of  air  produced,  and  this  I  threw  out, 
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by  inverting  the  vefiTel.  Then  expofmg  it  again 
to  the  heat,  I  never  failed  to  get  more  air  > 
and  having  done  this,  in  fome  cafes,  not  lefs 
than  twenty  or  thirty  times,  I  was  fatisfied  that 
even  the  fmalleft  quantity  of  water  will  never 
ceafe  to  yield  air,  and  in  feveral  cafes  I  have 
by  this  means  procured  more  air  than  the  bulk 
of  the  water. 

As  fome  water  would  necefifarily  infinuate  it- 
felf  between  the  mercury  and  the  glafs,  I  ex¬ 
po  fed  almoft  the  whole  of  the  tube  containing 
the  mercury  to  the  heat ;  by  this  means  con¬ 
verting  that  water  into  vapour,  and  making  it 
afcend  to  the  top  of  the  mercury  ,  then  throw¬ 
ing  put  both  the  water  and  the  air  produced 
from  it  again  and  again,  I  at  length  found  no¬ 
thing  but  air  above  the  mercury.  Still,  how¬ 
ever,  the  whole  of  the  water  was  not  converted 
into  air.  For  when,  by  means  of  heat,  the 
mercury  was  made  to  defcend,  the  water  which 
had  been  confined  between  the  mercury  and 
the  glafs  made  its  appearance,  though  by  the 
afcent  of  the  mercury  it  would  again  difap- 
pear? 

I  have  alfo  found  that  when  there  was  any 
fenfible  quantity  of  water  above  the  mercury, 
and  have  expofed  it  to  heat  day  after  day,  the 
quantity  of  air,  in  this  cafe  as  well  as  the  pre-r 
geding  without  heat,  came  to  a.  maximum ,  and 

no 


i 


Generation  of  Air  from  Water.  25 

no  repetitions  of  the  procefs  would  increafe  it. 
This  induces  me  to  conclude  that  the  longeft 
continuance  of  any  quantity  of  water  in  the 
ftate  of  vapour  would  not  convert  it  into  air. 
It  may,  however,  be  worth  while,  if  there 
thould  be  an  opportunity  of  doing  it  without 
much  expence,  to  make  the  experiment. 

The  pureft  diftilled  Water  fhould  be  ufed  in 
thefe  experiments.  Inftead  of  this,  I  once  ufed 
pump  water  ;  but  found  that,  after  the  produc¬ 
tion  of  air  was  advanced  to  its  maximum,  it 
began  to  yield  a  conftderable  quantity,  at  leaf! 
ten  times  more  than  it  had  done  before,  at  the 
fame  time  becoming  a  little  turbid.  But  when 
it  was  clear,  it  ftill  yielded  much  more  air  than 
diftilled  water.  Probably  fome  calcareous  mat¬ 
ter  diftblved  in  the  water  wTas  decompofed  in 
this  procefs,  and  the  air  contained  in  it  had 
increafed  the  bulk  of  that  which  had  been 
produced  by  means  of  the  water. 

Having,  in  the  manner  above  mentioned,  found 
an  eafy  method  of  expelling  from  a  quantity 
of  water  all  the  air  contained  in  it,  I  wilhed 
to  know  what  would  be  the  refult  of  making 
it  imbibe  different  kinds,  and  various  mixtures 
of  air.  I  had  before  found  that  water  deprive^ 
of  its  air  by  boiling  would  imbibe  any  kind  of 
air,  and  that,  when  this  air  was  again  expelled  by 
heat,  the  quality  of  it  was  not  changed;  hut 
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I  could  now  both  expel  the  air  more  effe&u-. 
ally,  and  make  it  imbibe  any  particular  kind  of 
air  with  more  certainty  and  expedition.  For 
this  purpofe,  having  firft  expelled  the  air,  by 
removing  the  preffure  of  the  atmofphere  in  the 
manner  defcribed  above,  I  inclined  the  veffel, 
laying  it  in  a  pofition  nearly  horizontal,  with 
the  end  of  the  tube  immerfed  in  a  bafon  of 
mercury ;  and  then  having  introduced  the  air 
that  I  wifhed  it  to  imbibe,  I  gently  agitated 
the  veffel,  and  the  preffure  of  the  atmofphere 
being  now  removed,  the  water  would  pretty 
foon  faturate  itfelf  with  the  air.  After  this, 
the  veffel  being  placed  upright,  the  air  which 
it  had  imbibed  was  prefently  difcharged,  with¬ 
out  any  application  of  heat. 

In  this  method,  beginning  with  atmoff 
pherical  air,  which  conlifts  of  a  mixture  of 
dephlogifticated  and  phlogifticated  air,  I  found 
that  water  imbibes  the  former  in  preference  tQ 
the  latter,  but  not  wholly  unmixed  with  it. 
Having  made  45  ounces  of  diftilled  water  free 
from  air,  I  put  to  it  2 i  ounce  meafures  of  at- 
mofpherical  air,  of  which,  by  agitation,  it  im¬ 
bibed  three  fourths  of  a  meafure,  when  the  re¬ 
maining  two  ounce  meafures  were  found  to  be 
of  the  ftandard  of  1.15  inftead  of  1.01  which 
was  the  ftandard  of  the  air  before  the  procefs  j, 
that  is,  when  one  meafure  of  this  air  was 

mixed 
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mixed  with  one  meafure  of  nitrous  air,  it  oo 
cupied  that  fpace.  When  the  air  that  had  been 
imbibed  was  expelled  from  the  water,  it  was 
of  the  ftandard  of  0.75.  Both  mixed  together 
were  exactly  of  the  ftandard  of  atmolpherical 
air. 

I  had  thought  that,  though  dephlogifticated 
and  inflammable  air  wilt  not  unite  while  they 
retain  their  aerial  form,  without  a  red  heat, 
they  might  do  fo  when  they  were  both  de¬ 
prived  of  that  form,  by  being  combined  with 
water,  and  make  phlogifticated  air;  I  therefore 
made  a  quantity  of  water  deprived  of  all  air 
imbibe  a  mixture  of  equal  quantities  of  thofe 
two  kinds  of  air.  But  when  this  mixed  air 
was  expelled  from  the  water,  it  was  fired  with 
an  explofion,  fo  that  no  union  had  been  form¬ 
ed  between  them.  I  then  made  a  quantity  of 
water  imbibe  the  two  kinds  of  air  one  after 
the  other,  but  there  was  no  difference  in  the 
refult.  The  air  that  was  expelled  from  the 
water  was  ftill  fired  with  one  explofion. 

But  dephlogifticated  and  nitrous  air,  which 
unite  without  heat  in  their  aerial  form,  aid  the 
fame  when  they  were  combined  with  water. 
Having  expelled  all  its  air  from  a  large  quantity 
cfdiftilled  water,  Ifirftmade  it  imbibe  as  much  as 
it  could  of  nitrous  air,  and  after  that  of  dephlogifti¬ 
cated  air,  and  obferved  that  what  remained  of 

f$ch,  not  abforbed  !>y  the  water,  was  very  little 

: 

changed. 
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changed.  Then,  expelling  the  air  from  the 
water  thus  doubly  impregnated,  the  firft  quan¬ 
tity  procured  was  dephlogifticated,  though  not 
fo  pure  as  before ;  the  ftandard  of  the  procefs 
with  two  equal  quantities  of  nitrous  air  be¬ 
ing  0.6,  whereas  before  it  had  been  0.2.  The 
ftandard  of  the  fecond  expulfion  of  air  was  0.4. 
Afterwards  it  was  0.^8,  then  1.0 5  and  thus  it 
would,  no  doubt,  have  proceeded,  till  it  had 
been  wholly  phlogifticated ;  but  no  part  of  it 
had  the  property  of  nitrous  air.  This  kind  of 
air  that  had  been  imbibed  muft  have  united 
with  as  much  of  the  dephlogifticated  air  con¬ 
tained  in  the  water  as  it  could  faturate,  and 
thus  have  formed  nitrous  acid,  which  remained 
in  the  water,  while  the  fiiperfluous  dephlogiftb 
cated  air  had  been  expelled  in  the  procefs. 

I  then  firft  faturated  the  water  with  the  de^ 
phlogifticated  air,  and  after  that  with  the  ni¬ 
trous  air,  which  it  imbibed  very  readily;  and 
expelling  the  air  afterwards,  found  it  to  be 
purely  nitrous,  there  having  been  more  nitrous 
air  employed  at  this  time  than  was  fufftcient  to 
faturate  the  dephlogifticated  air. 

Slaving  made  the  preceding  experiments  with 
water ,  I  wiftied  to  extend  them  to  other  li¬ 
quid  fubftances,  and  began  with  fpirit  of  winey 
which  I  had  before  found  to  be  convertible, 
into  inflammable  air  by  a  red  heat,  and  alfa 
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by  the  electric  fpark.  I  now  find  that  fo  great 
a  degree  of  heat  is  by  no  means  neceflary  for 
this  purpofe. 

If  I  fill  one  of  the  bulbs  above  mentioned 
with  the  fpirit,  and  by  means  of  a  column  of 
mercury  take  off  the  prefture  of  the  atmofphere, 
a  very  great  quantity  of  inflammable  air  is  im¬ 
mediately  difcharged  from  it,  and  bv  a  repeti¬ 
tion  of  the  procefs  a  fmaller  quantity  never 
fails  to  be  produced,  and  as  far  as  I  fee  with¬ 
out  limits. 

If  in  this  ftate  I  expofe  the  fpirit  to  a  de¬ 
gree  of  heat  fufficient  to  convert  it  into  vapour, 
a  very  great  proportion  of  it  is  prefently  con¬ 
verted  into  air,  and  in  a  few  minutes  the  quan¬ 
tity  produced  will  be  ten  or  twenty  times  the 
bulk  of  the  liquid.  This  is  the  cafe  repeatedly 
with  the  fame  fpirit,  fo  that  I  have  no  doubt 
but  that,  in  time,  the  whole  of  it  would  be  fo 
converted,  juft  as  if  it  had  been  expofed  to  a 
red  heat  in  pafting  in  the  form  of  vapour 
though  a  red  hot  earthen  tube. 

Having  expelled  a  very  great  quantity  of  air 
from;  one  of  the  bulbs  filled  with  fpirit  of  wine, 
of  the  fpecific  gravity  of  682.5,  I  expofed  it  to 
the  atmofphere,  after  which,  it  yielded  as  much 
as  before,  viz.  about  one  third  or  one  fourth 
of  its  bulk,  all  ftrongly  inflammable.  I  had  the 

fame 
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fame  refult  in  the  fubfequent  procefs.-  After 
another,  the  air  was  exploded  like  a  mixture 
of  inflammable  and  atmofpherieal  air,  and  the 
next  produce  burned  with  a  lambent  flame. 
Being  then  examined,  its  fpecific  gravity  was 
692.4 ;  fo  that  it  had  acquired  fome  weight  by 
imbibing  atmofpherieal  air. 

Having,  in  like  manner,  expelled  air  which  1 
found  to  be  inflammable  from  a  quantity  of 
fjiirit  of  turpentine,  I  made  it  imbibe  at'mofpheri- 
cal  air,  and  expelling  it  again,  found  it  to  be 
not  inflammable,  but  phlogifticated.  This  fluid 
had  alfo  gained  fomething  in  its  fpecific  gra¬ 
vity  by  the  procefs. 

The  only  objeftion  that,  after  giving  much 
attention  to  the  fubjed,  I  think  can  be  made 
to  the  conclusion  that  I  firft  drew  from  thefe? 
experiments,  viz,  that  air  is  adually,  produced 
from  water,  is  the  very  fmall  quantity  that  is 
produced  in  proportion  to  the  bulk  of  the  wa¬ 
ter,  after  the  air  naturally  *  contained  in  .  it  is 
wholly  expelled.  But  if  it  fhall  appear,  after  a 
long  courfe  of  time,  that  this  fmall  produftion 
of  air  from  the  fame  water  is  conftant  and 
equable,  I  do  not  fee  how  the  conclufion,  ex¬ 
traordinary  as  it  may  be  thought,  can  be  dis¬ 
puted.  This  air  being  wholly  phlogifticated  is  a 
fufficient  proof  that  the  air  fo  produced  is  not 
2  abforbed 
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abforbed  from  the  atmofpliere  in  the  courfe  of 
the  procefs.  For  then  it  would  have  been  de- 
phlogifticated,  or  at  leaft  purer  than  that  of 
the  atmofphere,  which  water  always  feizes 
upon  in  preference  to  that  which  is  impure. 


THE  END, 


/ 


PUBLISHED  BY  THE  SAME  AUTHOR . 


1.  Experiments  and  Obfervations  on  different  Kinds  of 
Air,  in  3  vols.  Price  il.  is.  in  boards. 

2.  Experiments  on  the  Generation  of  Air  from  Water; 
alfo,  Experiments  relating  to  the  Decompofition  of  De- 
phlogifticated  and  Inflammable  Air.  Read  before  the 
Royal  Society  of  London.  Price  is. 

3.  The  Hiflory  and  prefent  State  of  Ele£hicity,  4to. 
5th  edition,  il.  is.  in  boards. 

\ 

4.  The  Hiflory  and  prefent  State  of  Difcoveries  relating 
to  Vifion,  Light,  and  Colours.  2  vols.  4to.  il.  ns.  6d* 
in  Boards. 

5.  An  Anfwer  to  Mr.  Paine’s  Age  of  Reafon.  2d 
edition.  2s.  bd. 

6.  Obfervations  on  the  Xncreafe  of  Infidelity.  2s.  6d. 


Printed  for  J.  Johnson,  in  St .  Paul’s  Church -yard* 

Where  may  be  had  the  Author’s  other  Works# 


\ 


'i 


\ 


CONSIDERATIONS 


ON*  THE  ; 

DOCTRINE  OF  PHLOGISTON, 

AND  THE 

DECOMPOSITION  OF  WATER. 

By  JOSEPH  PRIESTLET,  L.  L.  D.  F.  R.  S.  (Sc.  £*. 

B^ualem  eommendes  etiam  atque  etiam  afplce.  Horace. 

PHILADELPHIA,  PRINTED. 

LONDON: 

REPRINTED  SY  J.  JOHNSON,  IN  ST.  PAUL’S  CHUR  CH-T  AK  D. 


1796. 


CONSIDERATIONS 


ON  THE 

DOCTRINE  OF  PHLOGISTON, 

AND  THE 

DECOMPOSITION  OF  WATER . 


THE  INTRODUCTION. 

There  have  been  few,  if  any,  revolutions  in 
fcience  fo  great,  fo  fudden,  and  fo  general,  as 
the  prevalence  of  what  is  now  ufually  termed 
the  new  fyftem  of  chemijlry ,  or  that  of  the  Anti- 
phlogiflians ,  over  the  doctrine  of  Stahl,  which 
was  at  one  time  thought  to  have  been  the 
greatefl  difcovery  that  had  ever  been  made  in 
the  fcience.  I  remember  hearing  Mr.  Peter 
Wolfe,  whofe  knowledge  of  chemiftry  will  not 
be  queftioned,  fay,  that  there  had  hardly  been 
any  thing  that  deferved  to  be  called  a  difcovery 
fubfequent  to  it.  Though  there  had  been  fome 
who  occafionally  expreffed  doubts  of  the  ex- 
iftence  of  fuch  a  principle  as  that  of  Jihlogifton , 
nothing  had  been  advanced  that  could  have 
laid  the  foundation  of  another  fyftem  before  the 
labours  of  Mr.  Lavoifier  and  his  friends,  from 
whom  this  new  fyflem  is  often  called  that  of 
the  French. 

C  2 
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This  fyffem  had  hardly  been  published  in 
France,  before  the  principal  philofophers  and 
chemifts  of  England,  notwithstanding  the  rival- 
fhip  which  has  long  fubfifted  between  the  two 
countries,  eagerly  adopted  it.  Dr,  Black  in 
Edingburgh,  and  as  far  as  I  hear  all  the  Scots 
have  declared  themfejves  converts,  and  what  is 
more,  the  fame  has  been  done  by  Mr.  Kir- 
wan,  who  wrote  a  pretty  large  treatife  in  op- 
pofition  to  it.  The  Englifh  reviewers  of  books, 

I  perceive,  univerfally  favour  the  new  do£trine. 
In  America  alfo,  I  hear  of  nothing  elfe.  It  is 
taught,  I  believe,  in  all  the  fchools  on  this* 
continent,  and  the  old  fyftem  is  entirely  ex¬ 
ploded.  And  now  that  Dr.  Crawford  is  dead, 

I  hardly  know  of  any  perfon,  except  my  friends 
of  the  Lunar  Society  at  Birmingham,  who  ad¬ 
here  to  the  doctrine  of  phlogiflon  ;  and  what 
may  now  be  the  cafe  with  them ,  in  this  age  of 
revolutions,  philofophical  as  well  as  civil,  I 
will  not  at  this  alliance  anfwer  for. 

It  is  no  doubt  time ,  and  of  courfe  opportuni¬ 
ty  of  examination,  and  difcuffion,  that  gives 
liability  to  any  principles.  But  this  new  the¬ 
ory  has  not  only  kept  its  ground,  but  has  been 
conflantly  and  uniformly  advancing  in  reputa¬ 
tion,  more  than  ten  years ,  which,  as  the  atten¬ 
tion  of  fo  many  perfons,  the  bed  judges  of 
every  thing  relating  to  the  fubjeff  has  been 
unremittingly  given  to  it,  is  no  inconliderable 

period. 
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period.  Every  year  of  the  laft  twenty  or  thirty 
has  been  of  more  importance  to  fcience,  and 
efpecially  to  chemiftry,  than  any  ten  in  the 
preceding  century.  So  firmly  eftablifhed  has 
this  new  theory  been  conftdered,  that  a  new 
nomenclature ,  entirely  founded  upon  it,  has  been 
invented,  §nd  is  now  almoft  in  univerfal  ufe  ; 
fo  that,  whether  we  adopt  the  new  fyftem  or  not, 
we  are  under  the  neceflity  of  learning  the  new 
language,  if  we  would  underhand  fome  of  the 
moil;  valuable  of  modern  publications. 

In  this  hate  of  things,  an  advocate  for  the 
old  fyftem  has  but  little  profpe6t  of  obtaining 
a  patient  hearing.  And  yet,  not  having  feen 
fufficient  reafon  to  change  my  opinion,  and 
knowing  that  free  difcuffion  muft  always  be  fa¬ 
vourable  to  the  caufe  of  truth,  I  with  to  make 
one  appeal  more  to  the  philofophical  world  on 
the  fubjeft,  though  I  have  nothing  materially 
new  to  advance.  For  I  cannot  help  thinking 
that  what  I  have  obferved  in  feveral  of  my 
publications  has  not  been  duly  attended  to,  or 
well  underftood.  I  fhall  therefore  endeavour  to 
bring  into  one  view  what  appears  to  me  to  be 
of  the  greateft  weight,  avoiding  all  extraneous 
and  unimportant  matter ;  and  perhaps  it  may 
be  the  means  of  bringing  out  fomething  more 
decifive  in  point  of  faB ,  or  of  argument ,  than 
l>as  hitherto  appeared. 

C  3 
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No  perfon  acquainted  with  my  philofophi- 
cal  publications  can  fay  that  I  appear  to  have 
been  particularly  attached  to  any  hypothecs,  as 
I  have  frequently  avowed  a  change  of  opinion, 
and  have  more  than  once  expreffed  an  incli-' 
nation  for  the  new  theory,  efpecially  that  very 
important  part  of  it  the  decomjiojition  of  water, 
for  which  I  was  an  advocate  when  I  pub- 
lilhed  the  fixth  volume  of  my  experiments; 
though  farther  reflexion  on  the  fubje6t  has 
led  me  to  revert  to  the  creed  of  the  fchool 
in  which  I  was  educated,  if  in  this  refpeft  I 
can  be  faid  to  have  been  educated  in  any 
fchool.  However,  whether  this  new  theory 
fhall  appear  to  be  well  founded  or  not,  the  ad¬ 
vancing  of  it  will  always  be  confidered  as 
having  been  of  great  importance  in  chemiftry, 
from  the  attention  which  it  has  excited,  and 
the  many  new  experiments  which  it  has  oc- 
cafioned,  owing  to  the  jull  celebrity  of  its  pa¬ 
trons  and  admirers. 
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SECTION  L 

OF  THE  CONSTITUTION  OF  METALS, 

According  to  the  do&rine  of  phlogifton, 

advanced  by  Becher  and  Stahl  in  the  begin¬ 
ning  of  this  century,  and  much  fimplified  and 
improved  fmce  their  time,  metals*  phofphorus, 
fulphur,  and  many  other  fubftances  which  are 
fuppofed  to  contain  it,  are  compounds,  con- 
filling  of  this  principle,  and  another  which 
may  be  called  its  bafe.  Thus  each  of  the  me¬ 
tals  contains  phlogillon  united  to  a  peculiar 
calx,  and  fulphur  and  phofphorus  confilt  of 
the  fame  principle  and  their  refpeftive  acid, 
or  the  bafes  of  them.  But  according  to  the 
antiphlogiftic  theory,  all  the  metals  are  fimple 
fubftances,  and  become  calces  by  imbibing  pure 
air;  and  fulphur  and  phofphorus  are  alfo  fimple 
fubftances,  and  become  the  acids  of  vitriol  and 
of  phofphorus  by  imbibing  the  fame  principle, 
called  by  them  oxygen ,  or  the  principle,  as  it 
probably  is,  of  univerfal  acidity. 

As  a  proof  that  metals  are  fimple  fub¬ 
ftances,  and  that  they  become  calces  merely 
by  imbibing  air,  they  allege  the  cafe  of  mer¬ 
cury,  which  becomes  the  calx  called  precipitate 
per  J'e  by  expofure  to  the  atmofphere  in  a  cer¬ 
tain  degree  of  heat,  and  which  becomes  run- 
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ning  mercury  again  by  expofure  to  a  greater 
degree  of  heat.  They  therefore  think  it  im- 
poflible  not  to  conclude,  that  in  all  other  cafes 
of  calcination,  as  well  as  this,  the  only  differ¬ 
ence  between  the  calx  and  the  metal,  is  that 
the  latter  has  parted  with  the  air  which  it  had 
imbibed. 

But  this  is  the  cafe  of  only  this  particular 
calx  of  this  metal,  and  there  is  another  calx  of 
the  fame  metal, -viz.  that  which  remains  after 
expofmg  turbith  mineral  to  a  red  heat,  which 
cannot  be  completely  revived  by  any  degree 
of  heat,  but  may  be  revived  in  inflammable 
air,  which  it  imbibes,  or  when  mixed  with 
charcoal,  iron-filings,  or  other  fubftances  fup- 
pofed  to  contain  phlogifton.  And  if  this  calx 
of  mercury,  or  (fuppofing  it  to  contain  fome 
acid  of  vitriol)  this  fait,  neceffarily  requires 
fome  addition  to  conftitute  it  a  metal,  all  mer¬ 
cury  mull  contain  the  fame.  For  though  with 
the  fame  external  appearance,  the  fame  metal 
may  contain  different  proportions  of  any  par¬ 
ticular  principle,  as  phlogifton,  they  muft  be 
denominated  different  fubftances,  if  fome  fpe- 
cimens  contain  this  element,  and  others  be 
wholly  deftitute  of  it.  All,  therefore,  that  can 
be  inferred  from  the  experiment  with  the  pre¬ 
cipitate  per  fe  is,  that  in  this  particular  cafe, 
the  mercury  in  becoming  that  calx  imbibed 
air,  without  parting  with  any,  or  very  little  of 

its 


41 


The  Do  Brine  of  Phlogifton . 

its  phlogifton ;  and  if  we  j  udge  by  the  air  ex¬ 
pelled  from  the  calces  of  metals  and  other  cir- 
cumftances,  there  are  few,  if  any,  of  them  but 
contain  more  or  lefs  of  phlogifton. 

I  would  obferve  in  this  place,  that  it  is  af- 
ferted  by  fome  very  able  chemifts,  that  if  the 
precipitate  per  fe  be  made  with  proper  atten¬ 
tion,  it  will  be  revived  without  yielding  any 
air.  This  is  alfo  the  cafe  with  minium  when 
frefh  made.  But  this  is  owing,  I  doubt  not, 
to  their  wanting  water ,  which  I  deem  to  be 
eflential  to  the  conftitution  of  every  kind  of 
air;  •  fo  that  they  both  contain  the  element  cf 
dephlogifticated  air,  though,  for  want  of  water, 
it  is  not  able  to  affume  that  form. 

That  mercury  may  have  the  fame  external 
appearance,  and  all  its  eflential  properties,  and 
yet  contain  different  proportions  of  fomething 
that  enters  into  it,  is  evident  from  the  pheno¬ 
mena  of  its  folution  in  the  nitrous  acid,  and 
the  revival  of  its  calx  in  inflammable  air.  Ac¬ 
cording  to  the  old  theory,  there  is  a  lofs  of 
fome  part  of  its  phlogifton  in  the  folution  of 
mercury  in  the  nitrous  acid,  fince  nitrous  air 
is  procured  in  the  procefs.  And  though  it  may 
be  revived  from  its  precipitates  by  mere  heat, 
yet  if  it  be  revived  in  a  veflel  of  inflammable 
air,  it  will  imbibe  it  in  great  quantities.  Mer¬ 
cury  revived  in  thefe  circumftances  muft  con¬ 
tain  more  phlogifton  than  that  which  is  revived 

from 
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from  the  fame  calx  by  mere  heat.  But  though 
mercury  revived  by  mere  heat  after  a  folution 
in  nitrous  acid  muft  have  a  deficiency  of  phlo- 
gifton,  and  when  it  is  revived  from  precipitate 
per  fe  inflammable  air  muft  contain  a  redun¬ 
dancy  of  the  fame  principle,  yet  there  will 
hardly  be  a  doubt  but  that,  in  all  chemical 
precedes,  it  would  exhibit  the  fame  pheno¬ 
mena. 

In  all  other  cafes  of  the  calcination  of  metals 
in  air,  which  I  have  called  the  fihlogiftication 
of  the  air,  it  is  not  only  evident  that  they  gain 
fomething,  which  adds  to  their  weight,  but 
that  they  likewife  part  with'1  fomething.  The 
mofi  fimple  of  thefe  precedes  is  the  expofing 
iron  to  the  heat  of  a  burning  lens  in  confined 
air,  in  confequence  of  which  the  air  is  dimi- 
nifhed,  and  the  iron  becomes  a  calx.  But  that 
there  is  fomething  emitted  from  the  iron  in 
this  procefs  is  evident  from  the  ftrong  fmell 
which  arifes  from  it.  If  the  procefs  be  conti¬ 
nued,  inflammable  air  will  be  produced,  if  there 
be  any  moifture  at  hand  to  form  the  bafis  of 
it.  From  this  it  is  at  leaft  probable,  that,  as 
the  procefs  went  on  in  an  uniform  manner,  the 
fame  fubftance,  viz.  the  bafis  of  inflammable 
air,  was  continually  iffuing  from  it  $  and  this 
is  the  fubftance,  or  principle,  to  wThich  we 
give  the  name  of  Jihlogtflon. 
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That  the  effect  of  this  procefs  is  not,  as  the 
antiphlogiftians  aflert,  the  mere  reparation  of 
the  dephlogifticated  from  the  phlogiilicated  air 
in  that  of  the  atmofphere,  I  have  proved  in 
a  courfe  of  experiments,  in  which  I  have  fhewn 
that  a  conliderable  part  of  the  phlogiilicated 
air  that  is  found  after  this  procefs  is  formed 
in  the  courfe  of  it,  by  the  union  of  the  phlo- 
gifton  from  the  iron  with  the  dephlogifticated 
air.  And  if  the  calcination  of  the  iron  in  this 
procefs  be  always  attended  with  the  lofs  of 
fome  conflituent  part  of  it,  the  fame  is,  no 
doubt,  the  cafe  with  all  other  calcinations  of 
the  fame  metal,  and  alfo  thofe  of  all  other  me¬ 
tals.  And  farther,  if  the  metals  be  compound 
fubftances,  containing  phlogiflon  united  to  fome 
bafe,  the  fame  is  the  cafe  with  fuljihur  and  pH- 
Jikorus ,  becaufe  they  become  acids  when  they 
are  ufed  in  the  fame  procefs. 

According  to  the  antiphlogiftic  theory,  the 
inflammable  air  that  Is  produced  in  the  folution 
of  metals  in  any  acid  comes  wholly  from  the 
wafer  combined  with  it,  and  not  at  all  from  the 
metal  diflolved.  But  the  advocates  for  this 
theory  do  not  feem  to  have  attended  to  one 
neceflary  confequence  of  this  fuppofition.  Ac¬ 
cording  to  their  own  principles,  water  confifts 
of  eighty-feven  parts  of  oxygen,  to  only  thir¬ 
teen  of  hydrogen,  in  every  hundred,  which  is 
nearly  feven  times  as  much  of  the  former  as 

of 
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of  the  latter.  Confequently,  fince  nothing  but 
hydrogen  efcapes  in  the  procefs,  there  muft  re¬ 
main,  from  this  decompofition  of  the  water, 
feven  times  as  much  oxygen  in  the  folution. 
But  both  Mr.  Lavoifier  and  Mr.  de  la  Place  fay 
( Examination  of  Mr.  KirwarC s  Treat  if e,  p.  197, 
198),  what  I  doubt  not  is  ftriftly  true,  that  after 
the  procefs  the  acid  will  faturate  exactly  the 
fame  quantity  (they  do  not  fay  more)  of  alkali, 
that  it  would  have  done  before ;  whereas,  with 
the  addition  of  fo  much  oxygen,  it  ought  to 
faturate  confiderably  more.  If  the  oxygen  from 
the  decompofition  of  the  water  do  not  join 
that  in  the  acid,  what  becomes  of  it  ? 

If  this  cafe  be  analogous  to  that  of  the  fup- 
pofed  decomposition  of  water  by  hot  iron,  the 
oxygen  ought  to  be  lodged  in  the  iron,  and 
compofe  finery  cinder.  But  this  fubftance  is 
not  foluble  in  vitriolic  acid,  if  that  be  employ¬ 
ed  in  the  experiment ;  and  when  it  is  diffolved 
in  the  marine  acid,  it  does  not  dephlogiflicate 
it,  as  minium,  and  other  fubftances  containing 
oxygen,  do.  It  is  evident,  therefore,  that  there 
is  no  addition  of  oxygen  in  this  procefs,  confe- 
quently  no  decompofition  of  water  in  the  cafe, 
and  that  the  inflammable  air  muff  come  from  the 
decompofition  of  the  iron. 
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SECTION  II. 

OF  THE  COMPOSITION  AND  DECOMPOSITION 

OF  WATER. 

» 

The  antiphlogiftic  theory  has  received  its 
greateft  lupport  from  the  fuppofed  difcovery 
that  water  is  refolvable  into  two  principles,  one 
that  of  oxygen ,  the  bafe  of  dephlogiflicated  air, 

and  the  other,  becaule  it  has  no  other  origin 

* 

than  water,  hydrogen ,  or  that  which,  with  the 
addition  of  caloriqne ,  or  the  element  of  heat, 
constitutes  inflammable  air.  <c  One  of  the 
<c  parts  of  the  modern  doctrine  the  moil  folidly 
u  eflabliflied,  fay  Mr.  Berthollet,  and  the  other 
ce  authors  of  the  Refort  on  this  fubjeft  (Exa- 
cc  mination  of  Kir  wan,  p.  17),  is  the  formation, 
“  the  decompofition,  and  recompofition,  of  wa- 
cc  ter.  And  how  can  we  doubt  of  it,  when 
u  we  fee  that,  in  burning  together  fifteen 
“  grains  of  inflammable  air,  and  eighty-five 
“  of  vital  air,  we  obtain  exactly  an  hundred 
f(  grains  of  water,  in  which,  by  decompofition, 
(<  we  find  again  the  fame  principles,  and  in 
“  the  fame  proportions.  If  we  doubt  of  a 
((  truth  eflabliflied  by  experiments  fo  Ample, 
“  and  palpable,  there  would  be  nothing  cer- 
“  tain  in  natural  philofophy.  We  might  even 
queftion  whether  vitriolated  tartar  be  com- 
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u  pofed  of  vitriolic  acid  and  fixed  alkali,  or  fal 
<c  ammoniac  of  the  marine  acid  and  volatile  al- 
“  kali,  &c.  &c.  For  the  proofs  that  we  have 
fC  of  the  compofition  of  thefe  falts  are  of  the 
€s  fame  kind,  and  not  more  rigorous,  than  thofe 
which  eftablifh  the  compofition  of  water.  No- 
“  thing,  perhaps,  more  clearly  proves  the  weak- 
£C  nefs  of  the  old  theory,  than  the  forced  ex- 
<c  planations  that  have  been  attempted  to  be 
“  given  of  thefe  experiments/' 

Notwithstanding  the  confidence  thus  ftrong- 
]y  expreffed  by  thefe  able  and  experienced 
chemifts,  I  muft  take  the  liberty  to  fay,  that 
the  experiments  to  which  they  allude  appear  to 
me  to  be  very  liable  to  exception,  and  that  the 
do&rine  of  phlogifton  eafily  accounts  for  al]  that 
they  obferved. 

Their  proof  that  water  is  decompofed,  and 
refolved  into  two  kinds  of  air,  is  that  when 
fleam  is  made  to  pafs  over  red-hot  iron  inflam¬ 
mable  air  is  produced,  and  the  iron  acquires 
an  addition  of  weight,  becoming  what  is  called 
finery  cinder ;  but  what  they  call  oxide  of  iron% 
fuppofing  that  there  is  lodged  in  it  the  oxygeft 
which  was  one  of  the  conftituent  parts  of  the 
water  expended  in  the  procefs,  while  the  other 
part,  or  the  hydrogen,  with  the  addition  of 
heat,  affumed  the  form  of  inflammable  air. 

But  in  order  to  prove  that  this  addition  of 
weight  to  the  iron  is  really  oxygen,  they  ought  to 
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be  able  to  exhibit  it  in  the  form  of  dephlo- 

# 

gifticated  air,  or  of  fome  other  fubftance  into 
which  oxygen  is  allowed  to  enter,  and  this 
they  have  not  done.  Iron  that  has  really  im¬ 
bibed  air,  or  the  common  ruft  of  iron ,  has  a 
very  different  appearance  from  this  finery  cinder, 
being  red>  and  not  black ;  and  when  treated  in 
fimilar  proceffes,  exhibits  very  different  refults. 
Mr.  Fourcroy  fays,  (lb.  p.  251),  that  this  finery 
cinder  is  “  iron  partially  oxygenated.”  But  if 
that  were  the  cafe,  it  would  go  on  to  attract 
more  oxygen,  and  in  time  become  a  proper  ruff  of 
iron,  completely  oxygenated.  But  this  is  fo  far 
from  being  the  cafe,  that  finery  cinder  never 
will  acquire  ruft ;  which  fhews  that  the  iron  in 
this  date  is  faturated  with  fome  very  different 
principle,  which  even  excludes  that  which  would 
have  converted  it  into  ruff. 

However,  neither  this,  nor  any  other  calx 
of  iron,  can  be  revived  unlefs  it  be  heated  in 
inflammable  air,  which  it  eagerly  imbibes,  or 
in  conta£t  with  fome  other  fubftance  which 
has  been  fuppofed  to  contain  phlogifton.  The 
probability  therefore  is,  that  the  phlogifton 
then  enters  this  calx  of  iron,  replacing  that 
which  had  been  expelled  to  form  the  inflam¬ 
mable  air.  Nor  can  any  inflammable  air  be 
procured  in  this  procefs  with  fleam,  but  by 
means  of  fome  fubftance  which  has  been  fup¬ 
pofed  to  contain  phlogifton.  Where  then,  is 
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the  certain  proof  that  water  is  decompofed  in 
this  procefs  ? 

It  may  be  faid  that  the  oxygen  imbibed  by 
this  iron,  being  expelled  by  heat  in  contact 
with  inflammable  air,  unites  with  that  air,  and 
with  it  conftitutes  the  water  which  is  found 
after  the  procefs.  But  for  any  thing  that  ap¬ 
pears,  this  water  may  be  that  which  the  iron 
had  imbibed,  and  which  can  only  be  expelled 
from  it  by  the  entrance  of  that  phlogifton  which 
it  had  loft. 

This  is  the  more  probable,  fince,  when  any 
other  fubftance  which  is  certainly  known  to 
contain  oxygen,  is  heated  in  the  fame  circum- 
ftances,  fixed  air  (which  is  allowed  to  contain 
oxygen)  is  found,  and  this  is  not  the  cafe  with 
this  calx  of  iron.  If,  for  example,  precipitate 
per  fe,  or  minium,  be  heated  in  inflammable 
air,  the  mercury  and  the  lead  will  be  revived, 
and  a  conftderable  quantity  of  fixed  air  will 
be  produced  at  the  fame  time.  But  if  the  air 
be  previoufly  expelled  from  the  minium,  which 
converts  it  into  a  yellow  fubftance  called  map  cot , 
though  the  lead  will  be  revived,  no  fixed  air  will 
be  generated.  Since,  therefore,  the  refult  of 
treating  finery  cinder  and  maflicot  is  precifely 
the  fame,  in  the  fame  circumftances,  we  are  fully 
authorifed  to  conclude  that  the  fubftances  them- 
felves  are  fimilar,  and  confequently  that  the 

finery 
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finery  cinder  contains  no  more  oxygen  than 
mafficot. 

In  another  important  refpe£t  finery  cinder 
and  mafficot  are  fimilar.  They  are  both  foluble 
in  marine  acid  without  dephlogifticating  it, 
which  minium  inftantly  does.  And  yet  Mr, 
Berthollet  fays,  Annales  de  Chymie.  Vol.  3.  p.  96, 
that  “  the  heat  by  which  minium  becomes 
“  mafficot  cannot  change  its  nature.”  What 
is  the  evidence  of  a  change  in  the  nature  of  any 
thing,  but  a  change  of  its  properties  ?  On  the 
whole,  therefore,  the  probability  is,  that  when 
iron  is  converted  into  finery  cinder,  it  lofes 
its  phlogifton,  and  imbibes  only  water;  and 
that  when  it  is  reconverted  into  iron,  it  parts 
with  the  water,  and  recovers  its  phlogifton. 
N.  B.  The  experiment  with  the  mafficot  muft 
be  tried  prefently  after  it  is  made,  fince  it 
will  very  foon  imbibe  air  from  the  atmof- 
phere. 

In  this  place  I  would  obferve  that,  if  it  be 
admitted  that  there  is  a  principle  in  inflam¬ 
mable  air,  which,  being  imbibed  by  the  calx 
of  a  metal,  converts  it  into  a  metallic  fub- 
ftance,  it  will  follow  that  the  fame  principle  is 
contained  in  charcoal,  and  other  combuftible 
fubftances;  becaufe  they  will  all  produce  the 
fame  effedf,  and  therefore  that  the  principle  of 
inflammability,  or  phlogifton,  is  the  fame  in 
them  all. 
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Another  pretended  proof  that  water  is  com- 
pofed  of  dephlogifticated  and  inflammable  air, 
is  that  when  the  latter  is  burned  flowly  in  the 
former,  they  both  difappear,  and  a  quantity 
of  water  is  produced,  equal  to  their  weight. 
I  do  not,  however,  And  that  it  was  in  more 
than  a  Angle  experiment  that  water  fo  produced 
is  faid  to  have  been  entirely  free  from  acidity, 
though  this  experiment  was  on  a  large  fcale, 
not  lefs  than  twelve  ounces  of  water  being 
procured.  But  the  apparatus  employed  does 
not  appear  to  me  to  admit  of  fo  much  accu¬ 
racy  as  the  concluflon  requires ;  and  there  is 
too  much  of  corre&ion,  allowance,  and  com¬ 
putation,  in  deducing  the  refult.  Alfo  it  is, 
after  all,  acknowledged  that,  after  decompo- 
Ang  this  quantity  of  the  two  kinds  of  air,  and 
making  all  the  allowance  they  could  for  the 
phlogifticated  air,  or  azote ,  in  the  dephlogifticated 
air,  they  found  fifty-one  cubic  inches  of  this  kind 
of  air  more  than  they  could  well  account  for. 
This  quantity,  therefore,  and  perhaps  fomething 
more  (fince  the  operators  were  interefted  to  make 
it  as  fmall  as  poflible)  muft  have  been  formed 
in  the  procefs.  And  when  this  kind  of  air,  as 
well  as  inflammable,  is  decompofed  together  with 
dephlogifticated  air,  nitrous  acid  is  produced. 
The  probability  therefore  is,  that  the  acidifying 
principle,  or  oxygen,  in  the  dephlogifticated  air 
which  they  decompofed,  was  contained  in  that 

phlo- 
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phlogifticated  air,  and  that,  had  the  procefs  been 
conducted  in  any  other  manner,  it  would  have 

aflumed  the  form  of  nitrous  acid.  They  ac- 

. 

knowledge  that3  except  when  the  inflamma¬ 
ble  air  was  burned  in  the flow  eft  manner ,  the  water 
they  produced  had  more  or  lefs  of  acidity. 

The  experiments  which  I  made  on  the  de- 
compofition  of  thefe  two  kinds  of  air  in  clofe 
vejfels ,  appear  to  me  to  be  much  lefs  liable  to 
exception,  and  the  conclufion  drawn  from  them 
is  the  reverfe  of  that  of  the  French  philofo- 
phers; 

When  dephlogifticated  and  inflammable  air, 
in  the  proportion  of  a  little  more  than  one 
meafure  of  the  former  to  two  of  the  latter, 
both  fo  pure  as  to  contain  no  fenftble  quantity 
of  phlogifticated  air,  are  inclofed  in  a  glafs  or 
copper  veffei,  and  decompofed  by  taking  an 
electric  fpark  in  it,  a  highly  phlogiilicated  ni¬ 
trous  acid  is  inftantly  produced ;  and  the  purer 
the  airs  are,  the  ftronger  is  the  acid  found  to 
be.  If  phlogiilicated  air  be  purpofely  intro* 
duced  into  this  mixture  of  dephlogifticated 
and  inflammable  air,  it  is  not  affedfed  by  the 
procefs,  though,  wrhen  there  is  a  confiderable 
deficiency  of  inflammable-  air,  the  dephlogifti¬ 
cated  air,,  for  want  of  it,  will  unite  with  the 
phlogiilicated  air,  and,  as  in  Mr.  Cavendifh’s 
experiment,  form  the  fame  acid*  But  fmce 
both  the  kinds  of  air,  viz.  the  inflammable  and 
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the  phlogifticated,  contribute  to  form  the  fame 
acid,  they  muft  contain  the  fame  principle,  viz. 
phlogifton. 

If  there  be  a  redundancy  of  inflammable  air 
in  this  procefs,  no  acid  will  be  produced,  as  in 
the  great  experiment  of  the  French  chemifts, 
but  in  the  place  of  it  there  will  be  a  quantity  of 
phlogifticated  air.  A  confiderable  quantity  of 
water  is  always  produced  in  thefe  decompofl- 
tions  of  air.  But  this  circumftance  only  proves 
that  the  greateft  part  of  the  weight  of  all  kinds  of 
air  is  water.  I  have,  in  my  experiments  on 
terra  [wnderofa  aerata  demonftrated  that  water  com 
ftitutes  about  half  the  weight  of  fixed  air. 

The  reafon,  no  doubt,  why,  in  the  expe¬ 
riments  of  the  French  chemifts,  the  water  they 
produced  was  not  without  acidity,  whenever  the 
flame  they  made  ufe  of  was  too  ftrong,  was 
that,  in  that  cafe,  more  of  the  dephlogifticated 
air  in  proportion  to  the  inflammable  was  con- 
fumed,  than  when  the  flame  was  weak ;  fo  that 
the  refults  of  their  experiments  exadlly  coincide 
with  thofe  of  mine. 

When  the  decompofition  of  dephlogifticated 
and  inflammable  air  is  made  in  a  glafs  veflel. 
a  peculiarly  denfe  vapour  is  'formed,  which  the 
eye  can  eafily  diftinguifli  not  to  be  mere  va¬ 
pour  of  water ,  and  if  the  juice  of  turnfole  be 
put  into  the  veflel,  it  immediately  becomes  of 
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a  deep  red,  which  thews  that  it  was  an  acid 

vapour. 

Since  the  acid  that  I  procured  in  this  pro- 
cefs  was  in  confiderable  quantity,  and  no  phlo- 
gifticated  air  was  prefent  (for  in  the  lafl  of 
my  experiments  I  did  not  even  make  ufe  of 
an  air-pump,  but  firft  filled  the  veffel  with 
water,  and  then  difplaced  it  by  the  mixture 
of  the  airs),  I  do  not  fee  bow  it  is  pofiible  to 
account  for  the  formation  of  this  acid  but  from 
the  union  of  the  two  kinds  of  air ;  and  it  can 
hardly  be  fuppofed  that,  in  4 he  very  fame  pro- 
cefs,  the  decompofition  of  the  fame  fubftances 
fnould  compofe  others  fo  very  different  from 
each  other  as  water  and  ffiirit  cf  nitre.  I  think 
I  have  fufficiently  accounted  for  the  refult  of 
the  experiments  made  by  the  French  chemifts 
on  the  common  hypothefis,  which  fuppofes 
inflammable  air  to  contain  phlogifion ,  but  I 
do  not  yet  fee  how  it  is  pofiible  for  them  to 
explain  mine  on  theirs,  according  to  which 
there  is  no  fuch  principle  in  nature.  Upon 
the  whole,  it  does  not  appear  to  me  that  the 
evidence  either  for  the  compofition,  or  the  de¬ 
compofition  of  water,  is  at  all  fatisfaclory ;  and 
certainly  the  arguments  in  fupport  of  an  hy¬ 
pothefis  fo  extraordinary,  and  fo  novel,  ought 
to  be  of  the  moft  conclufive  kind, 
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SECTION  III. 

s 

OTHER  OBJECTIONS  TO  THE  ANTIPHLOGIS? 

TIC  THEORY. 

Having  confidered  the  evidence  that  has 
been  alleged  in  fnpport  of  the  antiphlogiftic 
theory,  and  found  it  to  be  insufficient,  I  (hall,  in 
this  feclion,  mention  a  few  objections  that  may 
be  made  to  it  from  other  confiderations. 

1.  If  inflammable  air,  or  hydrogen,  be  nothing 
more  than  a  component  part  of  water,  it  could 
never  be  produced  but  in  circumftances  in 
which  either  water  itfelf,  or  fomething  into 
which  water  is  known  to  enter,  is  prefent.  But 
in  my  experiments  on  heating  finery  cinder  to¬ 
gether  with  charcoal,  inflammable  air  is  produced, 
though,  according  to  the  new  theory,  no  water 
is  concerned.  According  to  this  theory,  finery 
cinder,  called  the  oxide  of  iron,  confifts  of  nothing 
befides  iron  and  oxygen  ;  and  the  charcoal,  made 
with  the  greatefl:  degree'  of  heat  that  can  be  ap¬ 
plied,  is  equally  free  from  water ;  and  yet  when 
thefe  two  fubftances  are  mixed  together,  and  ex- 
pofed  to  heat,  they  yield  inflammable  air  in  the 
greatefl:  abundance. 

This  faff  I  cannot  account  for  on  the  prin¬ 
ciples  of  the  new  theory ;  but  nothing  is  eafier 
on  thofe  of  the  old.  For  the  finery  cinder  con- 
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taming  water,  as  one  of  its  component  parts, 
gives  it  out  to  any  fubftance  from  which  it  can 
receive  phlogifton  in  return.  The  water,  there¬ 
fore,  from  the  finery  cinder  uniting  with  the 
charcoal  makes  the  inflammable  air,  at  the  fame 
time  that  part  of  the  phlogifton  from  the  char¬ 
coal  contributes  to  revive  the  iron.  Inflamma¬ 
ble  air  of  the  very  fame  kind  is  procured  when 
fleam  is  made  to  pafs  over  red-hot  char¬ 
coal, 

2.  Though  the  new  theory  difcards  phlo¬ 
gifton,  and  in  this  refpedt  is  more  Ample  than 
the  old,  it  admits  another  new  principle,  to 
which  its  advocates  give  the  name  of  car  hone, 
which  they  define  to  be  the  fame  thing  with 
charcoal,  free  from  earth,  falts,  and  all  other 
extraneous  fubftances ;  and  whereas  we  fay 
that  fixed  air  confifts  of  inflammable  air  and 
dephlogifticated  air,  or  oxygen,  they  fay  that  it 
confifts  of  this  carbonc  difiblvcd  in  dephlogif¬ 
ticated  air.  See  Examination  of  Mr.  Kir  wan, 
p.  79.  Mr.  Lavoifier  fays,  lb.  p.  63,  that 
“  wherever  fixed  air  has  been  obtained,  there 
“  is  charcoal.”  They  therefore  call  it  the  car¬ 
bonic  acid. 

But  in  many  of  my  experiments  large  quan¬ 
tities  of  fixed  air  have  been  procured  where 
neither  charcoal,  nor  any  thing  containing  char¬ 
coal,  was  concerned,  or  none  in  quantity  fuffi- 
cient  to  account  for  it.  When  the  pureft 
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malleable  Iron  is  heated  in  dephlogifticated  air* 
or  in  vitriolic  acid  air,  a  confiderabJe  quantity  of 
fixed  air  is  formed.  It  is  laid  that  plumbago 
is  contained  in  iron.  But  it  is  not  found 
in  malleable  iron,  and  leaft  of  all  in  the  air 
that  is  expelled  from  it.  Fixed  air  is  alfo  pro¬ 
duced  by  reviving  minium  in  inflammable  air, 
and  if  charcoal  of  copper  be  heated  in  dephlo¬ 
gifticated  air,  a  quantity  of  fixed  air  equal  to 
nine-tenths  of  the  dephlogifticated  air  will  be 
formed.  More  than  thirty  ounce  meafures  of 
the  pureft  fixed  air  were  by  this  means  procured 
from  fix  grains  of  this  charcoal,  which  is  made 
by  the  union  of  fpirit  of  wine  and  this  me¬ 
tal. 

Laftly,  fixed  air  is  procured  in  great  abun¬ 
dance  in  animal  refpiration.  It  is  true  that  fixed 
air  is  procured  by  expofing  lime-water  to  atmof- 
pherical  air,  but  it  is  never  procured  by  this 
means  in  air  confined  in  any  veil'd.  There  muft, 
for  this  purpofe,  be  an  open  communication 
with  the  atmofphere.  But  fixed  air  will  be 
procured  in  great  abundance  by  breathing  air 
contained  in  the  fmalleft  receiver,  and  efpeci- 
ally  if  the  air  be  dephlogifticated.  It  muft  there¬ 
fore  be  formed  by  phlogifton,  or  fomething 
emitted  from  the  lungs,  uniting  with  the  de¬ 
phlogifticated  air  which  it  meets  there.  It  may 
be  faid  that  hnce  we  feed  in  a  great  meafure 
upon  vegetables  (and  even  animal  food  is  origi- 
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nally  formed  from  them)  and  this  principle  of 
carbone  is  found  in  all  vegetables,  this  may  be  the 
fubflance  that  is  exhaled  from  the  lungs.  But 
fmce,  in  this  procefs,  it  forms  the  fame  fuh- 
ftance  that  inflammable  air  from  iron  does  with 
dephlogifticated  air,  or  oxygen,  it  muft  be  the 
fame  thing  with  it ;  and  then  this  carbone  will 
only  be  another  name  for  phlogijlon. 

3.  The  antiphlogiiiians  always  fuppofe  azote, 
or  phlogifticated  air,  to  be  a  Ample  fubflance, 
though  I  think  abundant  evidence  has  been  given 
(and  more  will  be  found  in  my  lafl  memoir, 
printed  in  the  Tranf actions  of  the  Philofophical  So¬ 
ciety  at  Philadelphia ),  *  that  it  is  compofed  of  phlo- 
giflon  and  dephlogifticated  air. 

4.  As  to  the  new  nomemclatare ,  adapted  to  the 
new  theory,  no  objection  would  be  made  to  it,  if 
it  were  formed,  as  is  pretended,  upon  a  know¬ 
ledge  of  the  real  conftitution  of  natural  fub- 
ftances;  but  we  cannot  adopt  one,  the  princi¬ 
ples  of  which  we  conceive  not  to  be  fufflciently 
afcertained.  For  other  objections  to  this  nomen¬ 
clature,  I  refer  to  the  Preface  to  Mr.  Keir’s.  ex¬ 
cellent  Dictionary  of  Chemijlry.  However,  whe¬ 
ther  we  approve  of  this  new  language  or  not, 
it  is  now  fo  generally  adopted,  that  we  are 
under  a  neceflity  of  learning,  though  not  of  uling  it. 

On  the  whole,  1  cannot  help  faying,  that  it 
appears  to  me  not  a  little  extraordinary,  that 

#  See  the  preceding  article. 
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a  theory  fo  new,  and  of  fuch  importance,  over-" 
turning  every  thing  that  was  thought  to  be 
the  belt  eftablifhed  in  chemiftry,  ftiould  reft  on 
fo  very  narrow  and  precarious  a  foundation, 
the  experiments  adduced  in  fupport  of  it  being 
not  only  ambiguous,  or  explicable  on  either 
hypothecs,  but  exceedingly  few.  I  think  I  have 
recited  them  all,  and  that  on  which  the  greateft 
ftrefs  is  laid,  viz.  that  of  the  formation  of  water 
from  the  decompofition  of  the  two  kinds  of  air, 
has  not  been  fufficiently  repeated.  Indeed,  it  re¬ 
quires  fo  difficult  and  expenftve  an  apparatus, 
and  fo  many  precautions  in  the  ufe  of  it,  that  the 
frequent  repetition  of  the  experiment  cannot  be 
expedted ;  and  in  thefe  circumftances  the  prac¬ 
ticed  experimenter  cannot  help  fufpedting  the  ac¬ 
curacy  of  the  refill,  and  confequently  the  cer¬ 
tainty  of  the  conclufton. 

But  I  check  myfelf.  It  does  not  become  one 
of  a  minority,  and  efpecially  of  fo  fmall  a  mi¬ 
nority,  to  fpeak  or  write  with  confidence ;  and 
though  I  have  endeavoured  to  keep  my  eyes 
open,  and  to  be  as  attentive  as  I  could  to  every 
thing  that  has  been  done  in  this  bufinefs,  I  may 
have  overlooked  fome  circumftances  which  have 
imprelfed  the  minds  of  others,  and  their  fagacity 
is  at  leaf  equal  to  mine* 

The  phlogiftic  theory  is  not  without  its  difficul 
ties.  The  chief  of  them  is  that  we  are  not  able 
to  afcertain  the  weight  of  phlogifton,  or  indeed 
2  that 
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that  of  the  oxygenous  principle.  But  neither  do 
any  of  us  pretend  to  have  weighed  light ,  or  the 
element  of  heat ,  though  we  do  not  doubt  but 
that  they  are  properly  fuhftances ,  capable,  by  their 
addition,  or  abftraCtion,  of  making  great  changes 
in  the  properties  of  bodies,  and  of  being  tran'f- 
•mitted  from  one  fubftance  to  another. 

N.  B.  For  anfwers  to  the  objections  of  Mr.  La- 
voifier  and  Mr.  Berthollet  to  fome  experiments 
of  mine  relating  to  this  fubjeCI,  1  refer  to  the 
3aft  edition  of  my  Obfervations  on  Air,  Vol.  III. 
p.  554. 

THE  END. 
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